Abstract
Introduction
Digital watermarking is a method of hiding information in a host signal (image, audio, or video) for the purposes of, e.g., copyright protection [1] , distribution tracking, content authentication, and broadcast monitoring [2] [3] . In the last few years, many watermarking algorithms have been proposed for different applications. However, in some application domains, such as medical and military images, it is unacceptable for the host image to lose any information during the extraction process. This means that more attention must be paid to the reversible watermarking in order to restore the original host signal accurately from the watermarked host. However, research related to copyright protection for medical images, especially tongue images that has a higher correlation among the neighboring pixels, is relatively weak.
Reversible watermarking was proposed in 1997 [4] . At that time, the development of high-capacity, reversible, data-embedding algorithms [5] [6] [7] [8] [9] was proceeding at a rapid rate. Tian's scheme [5] achieved high capacity and high quality, exploiting the high correlation inherent among the neighboring pixels. Tian's scheme embedded useful information by expanding the difference values of two neighboring pixels and approached one bit per a pair of pixels. Alattar [6] [7] extended Tian's scheme to the difference expansion of triplets and quads. In order to further enhance the embedding capacity, the prediction-error expansion approach has been proposed in the literature [8] , and this approach combines the advantages of expansion embedding with the superior correlating abilities of a predictor. Existing predictors generally use the pixels that come just before the predicted pixel to make their predictions. In fact, we can design more a accurate predictor by exploiting the feature of reversible watermarking, and this method is described in Section 2.1.
In this paper, we propose a reversible watermarking algorithm for color tongue images. First, we use the four-neighbors context prediction algorithm to calculate R component and G component prediction-error. Result is that the corresponding pixels in different components are very close, because of the features of the tongue's images. Then, we use Tian's scheme to embed data, using the prediction-error as input values, with one coming from R component and the other coming from the corresponding G component. However, since Tian analyzed mainly grayscale images, the pixels that are used in the calculation are positive integers. In this paper, the values that are used include negative integers so reversibility cannot be achieved by Tian's method, and we describe the extended difference expansion algorithm in Section 2.2 to conquer the weakness. The results of our algorithm are presented in Section 3, and the conclusions are presented in Section 4.
Proposed reversible watermarking algorithm

Four-Neighbors context prediction algorithm
Consider a pixel in an image with intensity x . A predictor operates on the neighbors of the considered pixel and predicts its intensity x [10] . The prediction-error, e , is:
In this paper, we design a new predictor that operates on the four-neighbors context. The prediction algorithm and the contexts are as follows:
where x is the current pixel, x is the predicted value, and 1 2 3 4 , , , a a a a are the four neighbors, as shown. The pixels at the edge are not predicted; rather, they serve only to establish the contexts. In order to achieve reversibility, the extracting contexts must fit the embedding contexts for each pixel. We partition the host image I into four disjoint subsets, 1 2 3, 4 , , U U U U . If H is the number of the row and W is the number of the column, then I is defined as:
The four subsets are defined as:
where h and w satisfy
Then, each subset will be operated in order. Prediction Procedure: The detailed prediction procedure for subset 1 U is provided below; other subsets follow the same procedure.
1) Partition the host image I into four subsets, 1 2 3 4 , , , U U U U .
2) The pixels in subset 1 U are predicted by transformation formula (2). 3) The predicted value, x , is operated by the method described to obtain ˆ'
x in the following Sections.
4) The original pixel, x, is replaced by ˆ' x . 5) Operate 2 3 4 , , U U U in order, executing procedures 2 -4 as was done for 1 U .
When extracting, the method is the same as stated above, but the order is reversed, i.e., it goes from 4 U to 1 U . This prediction algorithm is more accurate, because it uses four neighbor pixels for the prediction. In addition, reversibility is guaranteed.
Extended difference expansion algorithm
In this section, we propose a new algorithm to extend the difference expansion method to negative integers. Tian ' ' 
Through analysis and theoretical derivation, this method achieves reversibility and also reduces the difference between the original value and the expanded value.
Embedding
A medical image of the tongue involves the body region and the background region [11] . In our algorithm, we select a square area in the body region of the tongue for embedding information. When extracting, we select the same area. Now, we describe the embedding procedure, as follows. Embedding Procedure: Two different embedding schemes are used for two different kinds of data. The compressed map of location is embedded by the technique of LSB embedding [12] . The information bits and the auxiliary data use the new algorithm described as follows. The tongue image is defined as I. 1) Predicting the pixels in R component and G component uses the method in Section 2, which provides the predicted pixels, ˆr x ,ˆg x , and prediction-errors, , r g e e .
2) Scramble the watermark information and obtain a binary bit stream, i. Expandable Conditions: To prevent overflow and underflow problems, the watermarked pixel values must be between 0 and 255. According to the features of this algorithm and the uncertainty of predicted values, we have to judge the values of the watermarked pixels. If the value is in the range of 0 to 255, meaning it is expandable, we assign a value "1" on the location map; otherwise, we assign a value "0." For visual quality, we select a value T as the threshold to limit the difference d. If the value d is not greater than T, meaning it can be expanded, we assign a value "1" on the location map; otherwise, we assign a value "0."
Extracting
In this section, we describe the extracting procedure as follows. First, select the same area from the body region of the tongue to extract information. Extracting Procedure:
1) Predict the pixels of watermarked image in R component and G component using the method in Section 2.1 and obtain the predicted pixels, ˆr
x ,ˆg x , and the prediction-errors, ', '
r g e e .
2) According to the location map, extract the information bits i as follows:
' ' 
Experimental results
The algorithm described in the previous section was implemented and tested on a large number of color images of tongues. We also implemented Tian's scheme in order to compare our results with his results. Because the host image is in color, there are three components for embedding information. We embed the location map into B component using the technique of LSB. Information is embedded into R component and G component by our algorithm and Tian's algorithm separately.
We present the results for 256 256 three different medical tongue images. Figure 1 shows the original test images. The embedding regions are shown in Figure 2 . The watermarked images are shown in Figure 3 . The results of embedding rates are shown in Table 1 . Table 1 , our algorithm performs much better at high embedding rates. From Figure 3 , we can see that the distortion is low and the perceptual quality of the watermarked images is acceptable.
Conclusions
In this paper, we describe a new reversible watermarking algorithm for color tongue images. This algorithm exploits the features of color tongue images, proposing a new prediction method and extending the difference expansion algorithm. The embedding watermark can be extracted exactly, and the original image can be restored completely. The comparison with Tian's algorithm shows that our algorithm provides better embedding rates and keeps distortion low.
